Introduction
============

Trends in colorectal cancer (CRC) mortality vary by country. During the last 2 decades, CRC mortality declined sharply in developed countries such as the United States and Canada ([@R1],[@R2]). However, trends in CRC mortality in undeveloped countries usually show a shift from fluctuation to a gradual rise ([@R3]). For example, the annual percentage change in CRC mortality was 5.7% among men and 6.1% among women in the Philippines from 2001 to 2010 and 2.5% among men and 1.8% among women in Brazil from 1993 to 2004 ([@R3]).

CRC mortality may vary with age (age effect), period (period effect), and cohort (cohort effect). Age effect is the variation within a chronological age group ([@R4]), period effect is the variation during a period or calendar year that influences all age groups simultaneously ([@R2],[@R4]), and cohort effect is attributed to distinct life courses of people born in different years ([@R5]). The diet of Chinese residents has changed to a high-fat, low-fiber diet, which has made obesity an increasingly severe problem ([@R5],[@R6]). At the same time, however, medical conditions in China have improved and public health strategies have been progressively emphasized ([@R7]--[@R9]). In 2003, the Ministry of Health of China issued a governmental outline of the China Cancer Prevention and Control Program (2004--2010). This outline defined CRC as 1 of 8 key malignancies requiring intensive prevention and control. In 2012, China implemented the Cancer Early Detection and Treatment Project. The project, which was implemented in urban areas but not rural areas, included CRC as 1 of 5 targeted malignancies ([@R10],[@R11]). In summary, changes in lifestyles have affected CRC mortality in China and more attention has been paid to CRC prevention, but disparities in medical conditions and prevention strategies still exist between urban and rural China.

A study by Wang et al showed the net period effect of total cancer mortality risk increased by 35.70% from period 1990 to period 2010, and cancer mortality risk consistently decreased with later-born cohorts in rural China ([@R12]). Another study showed that although CRC mortality decreased with period, it increased with cohort during 1971--2010 in Taiwan ([@R13]). No study has analyzed trends in CRC mortality in Mainland China, let alone differentiating age, period, and cohort effects.

The objective of our study was to estimate the age, period, and cohort effects of CRC mortality and compare the effects between urban and rural areas. Findings of our study would lay a foundation for discussing changes in various aspects of CRC mortality and assist in examining CRC risk factors in a temporal and historical context.

Methods
=======

The *International Classification of Diseases, 10th Revision* ([@R14]), defines CRC as malignant neoplasm of the colon (C18) and malignant neoplasm of the rectum, rectosigmoid junction, and anus (C19--21).

We collected CRC mortality data in urban and rural China for 2002 through 2015 from the *China Health Statistics Yearbook* ([@R15]). Data for 2000 were not available; as a substitute we used the available data from the nearest year (2002) in several analyses. The *China Health Statistics Yearbook* is an annual publication that comprehensively describes the health status of China; it covers 16 aspects, such as medical institutions, health expenditures, and causes of death and injury. Data in the *China Health Statistics Yearbook* are collected primarily from disease surveillance systems, such as the Infectious Disease Reporting System. We collected CRC mortality data from the Resident Death Surveillance System; these data are population-based data and are representative of the whole Chinese population ([@R15]).

Joinpoint analysis
------------------

We used joinpoint regression analysis to assess the slope of CRC mortality trends in urban and rural China during 2000--2015. For this analysis, we substituted 2002 data for 2000 data. We fitted the joinpoint regression on a log scale because CRC mortality data followed a Poisson distribution. Joinpoint regression analysis fitted a series of connected lines to CRC mortality. We joined straight-line segments at joinpoints, where the slope of mortality trend significantly changed. Once we identified the line segments, we calculated annual percentage change to describe the temporal trend of CRC mortality ([@R16]). We used Joinpoint software version 4.5.0.1 (<https://surveillance.cancer.gov/joinpoint/>) to run the joinpoint regression. We also calculated the average annual percentage change to describe the overall trend. All tests were 2-sided with a significance level of .05.

Age-period-cohort model with intrinsic estimator
------------------------------------------------

We developed an age-period-cohort (APC) model to distinguish 3 temporal variations in the phenomena of interest: age, period, and cohort effects. Generally, the APC model can be expressed as
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where *Y* ~j~ denotes the outcome, CRC mortality; α, β and γ denote the estimated coefficients of age, period, and cohort for group *j*, respectively; μ denotes the intercept, and ε~i~ denotes the residual ([@R17]).

There is, however, an exact linear relationship among age, period, and cohort, so it is impossible to estimate the net effects of age, period, and cohort directly. This inability is called the identification problem. Our study used the APC model with intrinsic estimator, which has been confirmed to be unbiased, valid, and asymptotic in solving the identification problem ([@R17]).

We used intrinsic estimator to analyze the data collected from the *China Health Statistics Yearbook*. We needed consecutive 5-year data for intrinsic estimator; for this analysis, we substituted 2002 data for 2000 data. We focused on adults aged 20 to 84, and we classified data into 13 age groups (from 20--24 to 80--84), 19 birth cohort groups (from 1920--1924 to 1995-1999), and 4 periods (2000, 2005, 2010, and 2015). We excluded people younger than 20 years, because 1) CRC mortality data for this age group were not complete, 2) CRC mortality for this age group is very low, 3) and we found no change in CRC mortality for people aged younger than 20 from 2000 to 2015. We also excluded adults older than 85, because adults older than 85 were recorded as 1 group in the *China Health Statistics Yearbook* and these data could not be analyzed in intrinsic estimator.

The goodness of fit of the APC model was evaluated by using 3 indexes: fitting deviance, Akaike Information Criterion (AIC), and Bayesian Information Criterion (BIC). To interpret the age, period, and cohort effects more intuitively, we transformed the coefficients into relative risk. The transformation was expressed as
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where RR*~ai~* denoted the relative risk of age (or period or cohort) of group *i*, Coef*~ai~* denoted coefficient of age (or period or cohort) of group *i*, Coef*~a1~* denoted coefficient of the reference age group (or period or cohort group). We chose each first group as the reference: first age group (age group 20--24), first period (2000), and first cohort group (1920--1924).

We used Stata version 12.0 (Stata Corp, LLP) to run intrinsic estimator.

Results
=======

We found 2 trends in CRC mortality in urban China and 1 trend in rural China ([Table 1](#T1){ref-type="table"}). Overall, in urban areas, CRC mortality increased from 2002 to 2015 by an average of 4.1% per year. CRC mortality increased significantly in urban areas during 2002--2008; mortality increased from 7.90 per 100,000 persons in 2002 to 14.71 per 100,000 persons in 2008 ([Figure 1](#F1){ref-type="fig"}), and the annual percentage change from 2002 to 2008 was 12.3% ([Table 1](#T1){ref-type="table"}). However, during 2008--2015, CRC mortality decreased in urban areas, albeit not significantly, from 14.71 per 100,000 persons in 2008 to 12.92 per 100,000 in 2015. In contrast, CRC mortality increased significantly in rural areas; mortality increased from 5.69 per 100,000 persons in 2002 to 10.46 per 100,000 persons in 2015 ([Figure 1](#F1){ref-type="fig"}), and the average annual percentage change from 2002 to 2015 was 3.7% ([Table 1](#T1){ref-type="table"}).

###### Trends in Colorectal Cancer Mortality in Urban and Rural China, 2000--2015[a](#T1FN1){ref-type="table-fn"}

  Area      Trend        Years[b](#T1FN2){ref-type="table-fn"}   Average Annual Percentage Change (95% CI) \[*P* Value[c](#T1FN3){ref-type="table-fn"}\]   Average Annual Percentage Change 2000--2015 (95% CI) \[*P* Value[c](#T1FN3){ref-type="table-fn"}\]
  --------- ------------ --------------------------------------- ----------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------
  Urban     Trend 1      2000--2008                              12.3 (6.6 to 18.4) \[\<.001\]                                                             4.1 (1.2 to 7.1) \[.005\]
  Trend 2   2008--2015   −2.4 (−6.4 to 1.7) \[.16\]                                                                                                        
  Rural     Trend 1      2000--2015                              3.7 (2.3 to 5.1) \[\<.001\]                                                               3.7 (2.3 to 5.1) \[\<.001\]

Abbreviation: CI, confidence interval.

Data source: *China Health Statistics Yearbook* ([@R15]).

Data for 2000 were not available; thus, we used as a substitute the available data from the nearest year (2002).

Different from 0 at α = .05; determined by *t* test.

![Colorectal cancer mortality per 100,000 persons in urban and rural China, 2002--2015. Data source: *China Health Statistics Yearbook* ([@R15]).](PCD-15-E156s01){#F1}

CRC mortality increased with age in both rural and urban areas ([Figure 2A](#F2){ref-type="fig"}, [2B](#F2){ref-type="fig"}). The rate accelerated beginning with the group aged 45 or older, and CRC mortality among people aged 55 or older in urban areas was higher than that of people in the same age group in rural areas. We found the highest CRC mortality among people aged 70 or older in 2010 in urban areas and 60 or older in 2015 in rural areas.

![Differences in colorectal cancer mortality based on age, period, and cohort in urban and rural China, 2000--2015. A, Age-specific crude mortality of colorectal cancer by year in urban China, based on age. B, Age-specific crude mortality of colorectal cancer by year in rural China, based on age. C, Crude mortality of colorectal cancer in 13 age groups during 2000--2015 in urban China, based on period. D, Crude mortality of colorectal cancer in 13 age groups during 2000--2015 in rural China, based on period. E, Age-specific crude mortality of colorectal cancer in urban China, based on cohort. F, Age-specific crude mortality of colorectal cancer in rural China, based on cohort. Crude mortality rate (per 100,000 persons) based on data from *China Health Statistics Yearbook*. Data for 2000 were not available; thus, we used as a substitute the available data from the nearest year (2002).](PCD-15-E156s02){#F2}

We found differences in trends between urban and rural areas among people aged 65 or older ([Figure 2C](#F2){ref-type="fig"}, [2D](#F2){ref-type="fig"}). CRC mortality among people aged 70 or older in urban areas increased from 2005 to 2010 and then decreased from 2010 to 2015; we observed no change in CRC mortality among people younger than 70. In contrast, CRC mortality increased among people aged 65 or older in rural areas from 2005 to 2015 but did not change among people younger than 65.

We found differences in CRC mortality across cohort groups, and these differences reflected a significant urban--rural disparity ([Figure 2E](#F2){ref-type="fig"}, [2F](#F2){ref-type="fig"}). CRC mortality among people aged 60 or older in urban areas increased at first and then decreased in more recent cohorts, whereas CRC mortality among people aged 60 or older in rural areas only increased across cohorts. We observed no obvious change in CRC mortality among people younger than 60.

We found significant age effects of CRC mortality in China, and increases in CRC mortality risk accelerated with age. The age effect of CRC mortality in urban areas was more obvious than in rural areas. After a natural exponential transformation, we found that relative risk of CRC mortality among people aged 60 to 64, compared with people aged 20 to 24, was 31.09 times larger in urban areas and 11.46 times larger in rural areas ([Table 2](#T2){ref-type="table"}).

###### Age-Period-Cohort Analysis Results of Colorectal Cancer Mortality in Urban and Rural China, 2000--2015[a](#T2FN1){ref-type="table-fn"}

  Effect                                       Urban                    Rural                                                        
  -------------------------------------------- ------------------------ -------- ----------------- ------------------------ -------- -----------------
  **Age**                                                                                                                            
  20--24                                       −2.69 (−5.3 to −0.02)    .05      1 \[Reference\]   −1.85 (−3.49 to −0.20)   .03      1 \[Reference\]
  25--29                                       −1.52 (−2.81 to −0.24)   .02      3.19              −1.50 (−2.67 to −0.33)   .01      1.41
  30--34                                       −1.08 (−2.12 to −0.05)   .04      4.95              −0.97 (−1.84 to 0.11)    .03      2.39
  35--39                                       −0.92 (−1.83 to −0.02)   .05      5.82              −0.75 (−1.51 to 0.01)    .05      3.00
  40--44                                       −0.67 (−1.45 to 0.10)    .09      7.48              −0.73 (−1.44 to −0.02)   .05      3.06
  45--49                                       −0.31 (−0.96 to 0.34)    .36      10.79             −0.38 (−0.97 to 0.21)    .20      4.32
  50--54                                       0.11 (−0.41 to 0.63)     .68      16.37             −0.10 (−0.59 to 0.39)    .68      5.72
  55--59                                       0.25 (−0.16 to 0.67)     .23      18.90             0.21 (−0.18 to 0.61)     .29      7.84
  60--64                                       0.75 (0.45 to 1.06)      \<.001   31.09             0.59 (0.29 to 0.89)      \<.001   11.46
  65--69                                       1.03 (0.79 to 1.28)      \<.001   41.10             0.89 (0.65 to 1.13)      \<.001   15.48
  70--74                                       1.37 (1.11 to 1.63)      \<.001   57.65             1.25 (1.02 to 1.49)      \<.001   22.17
  75--79                                       1.69 (1.36 to 2.03)      \<.001   79.48             1.58 (1.28 to 1.87)      \<.001   30.69
  80--84                                       1.99 (1.54 to 2.44)      \<.001   107.16            1.76 (1.36 to 2.15)      \<.001   36.70
  **Period[c](#T2FN3){ref-type="table-fn"}**                                                                                         
  2000                                         −0.17 (−0.39 to 0.05)    .14      1 \[Reference\]   −0.21 (−0.42 to −0.01)   .04      1 \[Reference\]
  2005                                         −0.15 (−0.27 to −0.04)   .01      1.01              −0.10 (−0.22 to 0.02)    .10      1.12
  2010                                         0.14 (0.03 to 0.25)      .01      1.36              0 (−0.12 to 0.12)        .97      1.24
  2015                                         0.18 (−0.03 to 0.40)     .10      1.42              0.31 (0.12 to 0.51)      .002     1.69
  **Cohort**                                                                                                                         
  1920--1924                                   0.89 (0.29 to 1.50)      .004     1 \[Reference\]   0.93 (0.37 to 1.49)      .001     1 \[Reference\]
  1925--1929                                   0.94 (0.46 to 1.43)      \<.001   1.05              0.72 (0.27 to 1.16)      .002     0.81
  1930--1934                                   0.99 (0.60 to 1.37)      \<.001   1.09              0.96 (0.60 to 1.32)      \<.001   1.03
  1935--1939                                   0.88 (0.55 to 1.21)      \<.001   0.99              0.65 (0.34 to 0.96)      \<.001   0.76
  1940--1944                                   0.66 (0.32 to 1.00)      \<.001   0.79              0.68 (0.37 to 0.99)      \<.001   0.78
  1945--1949                                   0.60 (0.20 to 0.99)      .003     0.74              0.58 (0.21 to 0.95)      .002     0.70
  1950--1954                                   0.54 (0.06 to 1.03)      .03      0.70              0.56 (0.11 to 1.01)      .02      0.69
  1955--1959                                   0.39 (−0.21 to 0.99)     .20      0.61              0.37 (−0.18 to 0.92)     .19      0.57
  1960--1964                                   0.16 (−0.57 to 0.88)     .67      0.48              0.05 (−0.62 to 0.72)     .88      0.41
  1965--1969                                   −0.04 (−0.87 to 0.79)    .93      0.39              0.16 (−0.57 to 0.89)     .68      0.46
  1970--1974                                   −0.38 (−1.34 to 0.58)    .43      0.28              −0.15 (−0.97 to 0.67)    .72      0.34
  1975--1979                                   −0.57 (−1.61 to 0.48)    .29      0.23              −0.60 (−1.54 to 0.35)    .22      0.22
  1980--1984                                   −1.06 (−2.33 to 0.20)    .10      0.14              −0.85 (−1.89 to 0.18)    .11      0.17
  1985--1989                                   −1.26 (−2.84 to 0.32)    .12      0.12              −0.85 (−2.06 to 0.36)    .17      0.17
  1990--1994                                   −1.41 (−3.70 to 0.88)    .23      0.10              −1.19 (−3.04 to 0.66)    .21      0.12
  1995--1999                                   −1.33 (−6.57 to 3.91)    .62      0.11              −2.01 (−6.38 to 2.36)    .37      0.05

Abbreviation: CI, confidence interval.

Data source: *China Health Statistics Yearbook* ([@R15]).

Determined by *z* test.

Data for 2000 were not available; thus, we used as a substitute the available data from the nearest year (2002).

The relative risk of CRC mortality increased with period from 2000 to 2015 nationally, and we observed a significant urban--rural disparity ([Table 2](#T2){ref-type="table"}). The relative risk of CRC mortality accelerated mostly from period 2005 to period 2010 in urban China, whereas relative risk accelerated mostly from period 2010 to period 2015 in rural China. Compared with period 2000, the relative risk of CRC mortality in urban areas was 1.01 in period 2005 (vs 1.12 in rural areas), 1.36 in period 2010 (vs 1.24 in rural areas), and 1.42 in period 2015 (vs 1.69 in rural areas).

CRC mortality risk was lower among more recent cohorts than among earlier cohorts ([Table 2](#T2){ref-type="table"}). Compared with people who were born from 1920 to 1924, the relative risk of CRC mortality among people born from 1950 to 1954 was 0.70 times smaller in urban areas and 0.69 times smaller in rural areas.

Discussion
==========

The trend in CRC mortality increased from 2000 to 2015 in both urban and rural areas of China, which is consistent with findings in other developing countries such as some South American countries, Romania, and Russia ([@R3]). However, the trend in CRC mortality appears to be decreasing in developed countries ([@R3]). For example, in the United States, the annual percentage change in CRC mortality was −2.5% from 2005 to 2015 ([@R2]), and in Austria, it was −1.8% among men and −2.4% among women from 2002 to 2011 ([@R3]). The decline in CRC mortality in developed countries can be largely attributed to improvements in CRC screening technology and screening strategies. Many studies showed that the use of fecal occult blood testing in mass screening was associated with a modest reduction in CRC mortality, resulting in early detection and a 16% overall reduction in CRC mortality ([@R18]). The results of one study suggested a 40% to 60% lower risk of incident colorectal cancer and death from CRC after screening colonoscopy (significant only for deaths of proximal colon cancer) ([@R19]). China is one of the largest developing countries, and it is going through a rapid economic growth and medical reform. The diet of people in China and other factors related to CRC are also changing rapidly. Thus, it is necessary to identify CRC mortality trends from various temporal perspectives in China.

Older age is a risk factor for CRC mortality in both urban and rural areas of China. The relative risk of people aged 60 to 64, compared with people aged 20 to 24, was 31.09 times larger in urban areas and 11.46 times larger in rural areas. A study in rural China showed that the risk of benign tumors in people aged 75 to 79 was 38 times higher than the risk in people aged 5 to 9 ([@R12]). Studies on CRC in Taiwan and Serbia showed that aging increased the risk of CRC mortality ([@R13],[@R20]). Many studies also showed that most CRC deaths occurred among people aged 50 years or older ([@R21]). Somatic function usually declines with aging, and CRC risk factors also accumulate with aging ([@R12]).

CRC mortality increased gradually from 2000 to 2015 in China. This increase might be caused by the increase in "westernization" risk factors. Since the implementation of reform and opening-up policy, the living environment and lifestyle of Chinese residents have westernized rapidly. A few studies from China showed that personal risk behaviors, such as insufficient physical activity, are becoming increasingly common and that diet has changed into a high-fat, low-fiber diet ([@R7],[@R18]). For example, from 1990 to 2009, the physical activity of people living in low-density urban areas decreased from 500 metabolic-equivalent (MET)-hours per week to 300 MET-hours per week and in high-density urban areas decreased from 200 MET-hours per week to 125 MET-hours per week ([@R18]). From 2000 to 2012, obesity prevalence in China increased from 7.1% to 11.9%, fat intake increased from 76.3 grams per day to 79.9 grams per day, and dietary fiber decreased from 12.0 grams per day to 10.8 grams per day ([@R7]). Some studies, including a study in China, showed that smoking, insufficient physical activity, and insufficient vegetable and fruit intake could increase CRC mortality ([@R4],[@R23]).

The relative risk of period effect in urban areas was higher than that in rural areas before period 2010. However, the relative risk in rural areas increased quickly and exceeded the relative risk of period effect in urban areas in period 2015. Inequitable distribution of health care services between urban and rural areas may explain the differences in period effect. Compared with rural residents, urban residents have better health care services ([@R24]). The numbers of health workers, licensed physicians, and registered nurses per 1,000 people in urban areas of China was 2.2 times, 2.0 times, and 2.7 times larger, respectively, than numbers in rural areas in 2015 ([@R15]). In addition, the average annual funding for basic medical insurance per urban worker was approximately 2,500 Chinese yuan (in US dollars, approximately \$400), which was 5 times higher than the average annual funding per rural resident in 2015 ([@R15]). On the other hand, pilot CRC screening strategies were put into place by the Chinese government in 2012 ([@R11],[@R25]). However, these programs were conducted only in urban areas; rural areas generally lack adequate field conditions, implementation funding, and screening equipment ([@R26]).

We observed lower CRC mortality in more recent cohorts, a finding that is consistent with previous research ([@R12]). Several major events occurred in China during 1920--1990, such as World War II (1939--1945) and the Great Famine (1959--1961), when food and health care services, especially for pregnant women and infants, could not meet demand ([@R27]). Nutritional status in early childhood affects biological processes at older ages, including the susceptibility of the colorectal epithelium to malignant transformation ([@R28],[@R29]), and can lead to chronic diseases. However, the cohort effect observed in our study contradicts evidence in some other studies ([@R30],[@R31]). This contradiction may be explained by differences in race, national history, and anatomic subsites of CRC. A study on CRC mortality in Nordic countries and Estonia showed that the relative risk of CRC mortality was higher in a more recent cohort ([@R30]). A study on the CRC incidence rate in Sweden showed that different anatomic subsites of CRC had different cohort effects ([@R31]). Compared with people born in 1925, people born in more recent cohorts had a higher relative risk of right-sided colon cancer and rectal cancer but a lower relative risk of left-sided colon cancer ([@R31]).

A study by Arnold et al showed that both CRC incidence and mortality increased in China from 1990 to 2000 ([@R3]). The Global Burden of Disease Study 2016 showed that CRC incidence in China increased from 13.05 per 100,000 persons in 2000 to 22.76 per 100,000 persons in 2011 ([@R32]), and a study by Chen et al showed that the average annual percentage change in CRC incidence in China was 4.2% from 2000 to 2011 and 1.3% from 2006 to 2012 ([@R33]). The consistent increase in CRC incidence and mortality reflects the severity of the burden of CRC in China. However, the Cancer Early Detection and Treatment Project is the only national screening strategy in China. The project is not yet ready to be implemented beyond trials in a few major cities, and it is restricted to people aged 40 to 69 in urban China ([@R34]). Although a large percentage (40.8%) of the Chinese population was aged 40 to 69 in 2016, 6.7% of the population was aged 70 or older and 42.6% of the population was living in rural China ([@R35]). Thus, most Chinese residents do not qualify for this program. According to our study, interventions such as national screening programs in both urban and rural areas, especially among people aged 60 or older, are needed to reduce the burden of CRC in China.

This study has several limitations. First, no data on age-specific CRC incidence were available from 2000 to 2015 in China; this lack of data limited our ability to explain the trend of CRC incidence. A comprehensive analysis on CRC incidence should be conducted. Additionally, because we had no reliable data on anatomic subsite and our knowledge about the comprehensive effects of the risk factors of CRC was limited, some explanation of the APC models should be interpreted with caution. Furthermore, a longer study period may enable us to gain a better understanding of mortality trends. However, only data during 2000--2015 (4 time points in the intrinsic estimator method) were available, even when we replaced mortality data in 2000 with mortality data in 2002.

We found that CRC mortality in urban areas of China was higher than CRC mortality in rural areas and that the annual average percentage change in CRC mortality was higher in urban areas. The APC analysis showed that the CRC mortality increased with age and period but decreased with cohort. In China, more interventions to reduce the burden of CRC should be conducted, and it is more necessary for older people and urban residents to adopt a healthy lifestyle.
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